The frequency distributions of the numbers of patients and eaters were near lognormal for almost all food poisonings. The medians and ranges remained almost unchanged over time, although the annual number of incidents varied. However, the numbers of patients and eaters were not correlated for many of the food poisonings. A regular pattern relating the numbers of patients and eaters emerged for food poisonings exhibited strong seasonal incidence. For example, food poisonings caused by norovirus or Campylobacter spp. exhibited a comb teeth-like pattern in the plot comparing the ranking numbers of patients and that of eaters, and fingerprint-like pattern in the plots comparing the attack rate and number of patients or eaters. Meanwhile, food poisonings with low incidence and without seasonality, such as those caused by Clostridium perfringens, exhibited amorphous patterns in both plots. Further analysis indicated the occurrence of these patterns was determined by the combination of pathogens and services, and not by either factor alone. Thus, the emergence of a regular pattern may be associated with``complexity'' nature of food poisoning.
INTRODUCTION
Food poisoning is caused by many interacting factors. Foods are contaminated by different pathogens in various situations. The number of people who eat a given food (i.e., the number of eaters) depends entirely on how many people want to eat it. However, the number of patients with food poisoning is not necessarily proportional to the number of eaters. Food supply chains are long and complex, including production, harvest, transportation, storage, processing, distribution, cooking, and consumption. The distribution network is ramified and heavily influenced by the market and social networks. Pathogenic agents may contaminate foods at any point in the chain. Some agents such as bacteria may proliferate in foods, while others such as viruses do not. Some agents cause illness after propagation in the human body, while others do so via toxins secreted in food or the human body. Moreover, some toxins are heat-stable while others heat-labile. In addition, data are affected by errors and biases; some eaters and patients may be overlooked in investigations, while some attributed eaters may not have actually eaten the food in question. Furthermore, it is difficult to categorize events. For example, food poisoning may occur in stand-alone restaurants or restaurants in hotels; in the latter case, the implicated service could be reported as à`r estaurant'' or as a``hotel'' (the former practice is recommended in Japan). Thus, food poisoning is a consequence of several interacting events.
This study investigated whether there was any rule that governs such complex events, particularly with respect to the relationship between the numbers of patients and eaters, i.e., the``attack rate''. In thè`S tatistics of Food Poisoning in Japan 2012'', the attack rate is calculated simply by dividing the annual total number of patients by the total number of eaters in the same year (1) . For example, in 2012, the attack rates for Salmonella spp., Staphylococcus aureus, and Vibrio parahaemolyticus were 22.8z, 18.1z, and 33.3z, respectively. (Table 18 -1 in the statistics report described above). However, the appropriateness of this conventional practice might need to be examined.
MATERIALS AND METHODS
Data source: The data used in the present analysis were Microsoft Excel files from the in the Food Poisoning Statistics Data,``food poisonings occurrences in the past'' <http://www.mhlw.go.jp/stf/seisakunitsuite/ bunya / kenkou _ iryou / shokuhin / syokuchu / 04.html> (4-(2) ) and list of food poisoning incidents in the past (4-(3) ). The data for 1998 and 1999, which were not included in the above website, were obtained from the Inspection and Safety Division, Department of Food Safety, Pharmaceutical and Food Safety Bureau, Ministry of Health, Labour and Welfare.
Analysis: All analyses were conducted by using Microsoft Excel 2010.
Cumulative frequency distribution plot: Food poisoning incidents were arranged in ascending order by the number of patients and ranked from 1 to T (the total number of incidents). Thus, each incident is represented by coordinates (n, r), where n is number of patients per incident and r is the ranking number. Plotting n on the X-axis in logarithmic scale and r on the Y-axis in normal scale gave a near-lognormal distribution for almost all food poisonings; the median (M), lower quartile boundary (LQB), and upper quartile boundary (UQB) were obtained by reading X-coordinates at Y-coordinate of T/2, T/4, and 3T/4, respectively. The range of the distribution is given by the following equation log UQBlog LQB ＝ log (UQB/LQB) (2) . The cumulative frequency distribution of eaters can be obtained in a simi- Fig. 1 . Deriving main parameters from cumulative frequency distribution: an example using the total food poisoning cases (except those due to chemical agents). T refers to total number of the ranking number. T/4, T/2, and T3/4 refer to ranking numbers of patients at the lower quartile boundary (LQB), at the median (M-eaters or Mpatients), and at the upper quartile boundary (UQB), respectively. M-patients means the median of number of patients per incident and M-eaters that of number of eaters per incident. Interquartile range is given by log (UQB) -log (LQB) or log (UQB/LQB).
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Food Poisoning Attack Rate lar manner. The total food poisonings from 2008 to 2013 are shown in Fig. 1 . The median, UQB, and LQB for patients were 12, 27, and 8, respectively; those for eaters were 25, 64, and 10, respectively. The range of the distribution in logarithmic scale was 0.73 for patients and 0.83 for eaters. Ranking correlation plot: The incidents were first aligned in ascending order of the number of eaters to which``ranking number as eater'' was assigned. The pairs were subsequently aligned in ascending order of the number of patients to which``ranking number as patient'' is assigned. The coordinates (i.e., number of patients, number of eaters) can be converted intò`r anking number as patient'',``ranking number as eater'' coordinates. The coordinates were subsequently plotted. If the numbers of patient and eaters are perfectly correlated, the plots will show a straight line starting from the origin to the other end of the graph: if they are uncorrelated, the plots will be distributed randomly (3) .
Attack rate vs. patient/eater number plot: The attack rate, i.e., the number of patients divided by number of eaters was plotted on the Y-axis in linear scale, and the number patients or eaters was plotted on the X-axis in a logarithmic scale in the Cartesian coordinate system.
RESULTS
Trends of food poisoning in Japan: Food poisoning incidents are investigated under the Food Sanitation Act (reporting requirements are found in <http://www. mhlw.go.jp/stf/shingi/2r9852000002xk88-att/2r98520 00002xkjo.pdf>). The data are available from the website of the Ministry of Health, Labour and Welfare (MHLW), <http://www.mhlw.go.jp/toukei/list/112-1. html>. The Ministry publishes the``Case Reports of Food Poisoning Incidents'' and the``Statistics of Food Poisoning in Japan'' annually.
Since 1998, food poisonings due to V. parahaemolyticus, Salmonella spp., and Escherichia coli other than enterohemorrahgic E. coli have decreased continuously, whereas those due to enterohaemorrhagic E. coli (EHEC [VT＋]), S. aureus, Clostridium perfringens, and Campylobacter spp. have remained relatively stable ( Fig. 2A) . Meanwhile, food poisoning due to norovirus has been increased. From 2012, among a total of 1,100 incidents, 851 were microbial food poisonings, 416 were due to norovirus and 266 to Campylobacter spp. A total 614 food poisonings occurred in restaurants (see Tables  14-1 Trends of food poisoning surveillance quality in Japan: The quality of food poisoning surveillance has improved continuously; the proportion of incidents with an unknown number of eaters decreased from 40-50z in 1998-2005 to 10-20z in 2006-2013 (Fig.  2B) . Tables 1 and 2 show the evolution of the completeness of the data by category (completeness refer to the availability of information on causative agents, services involved, and numbers of patients and eaters). The number of eaters was known only in ～55z of all food poisonings from 1998 to 2007, and only in 30.6z of food poisonings caused by Campylobacter spp. However, from 2008 to 2013, the number of eaters was known in ～90z of all food poisoning categories, which is a remarkable improvement. It should be mentioned that norovirus had been reported as``small round virus Fig. 3A . Except for EHEC (VT＋) patients, all plots followed a near-lognormal distribution. The parameters calculated from the plots are shown in the table under the graphs; for example, median numbers of eaters (M-eaters) and patients (M-patients) were 41 and 20 for norovirus, 11 and 6 for Campylobacter spp., 24 and 13 for Salmonella spp., 23 and 10 for S. aureus, and 78 and 32 for C. perfringens, respectively. The M-patients and M-eaters were particularly small for Campylobacter spp. Similar plots for food poisonings that occurred in restaurants, caterers, hotels (restaurants in hotels are generally classified as``restaurants'' in the statistics), and households are shown in Fig. 3B . The frequency distributions of patients and eaters showed near-lognormal distributions except for poisonings in households. The M-patients and M-eaters were 9 and 20 for restaurants, 29 and 70 for hotels, and 33 and 68 for caterers, respectively. The M-patients and M-eaters for restaurants were approximately one-third of those for hotels and caterers.
The cumulative frequency distributions of patients (left panels) and eaters (right panels) for food poison- , respectively. The M-patients for Campylobacter spp. was 7, 7, 6, 7, 6, and 6, respectively; the M-eaters were 13, 13, 11, 12, 10, and 12, respectively. Both the M-patients and M-eaters remained almost unchanged over this time, despite the significant change in the annual number of incidents.
Attack rates calculated from the frequency distribution plots: As the frequency distribution plots for patients and eaters were near-lognormal and almost parallel, the attack rate was calculated as Mpatients/M-eaters. The attack rates for norovirus, Campylobacter spp., Salmonella spp., S. aureus,, C. perfringens spp., and EHEC were 49z, 55z, 54z, 44z, 41z, and 30z, respectively; they were 45z, 49z, and 41z for restaurant, caterers, and hotels, respectively (see column Method III in the tables in Fig. 3 ). However, the correlation coefficient between the numbers of patients and eaters was ＜0.7 for most food poisoning categories, i.e., the numbers of patients and eaters were not correlated except for norovirus and Salmonella spp. (see column CC in tables in Fig. 3 ).
Ranking correlation: To determine whether how the numbers of patients and eaters were uncorrelated, the ranking correlation was examined. Norovirus, Cam- Food Poisoning Attack Rate pylobacter spp., and EHEC (VT＋) showed a comb teeth-like pattern, while the patterns for Salmonella spp., S. aureus, C. perfringens, and V. parahaemolyticus were rather amorphous ( Fig. 5A-1 ). Among services, restaurants showed the comb teeth-like pattern while caterers and hotels showed an amorphous patterns ( Fig. 5A-2) . A comb teeth-like pattern is expected when the number of eaters varied widely for a given number of patients. Attack rates calculated by other methods: As mentioned above, the attack rate is the percentage of patients among eaters. In columns``attack rate (z)'' in the tables in Fig. 3 , the attack rates calculated by three different ways are shown; Method I, total number of patients/total number of eaters; Method II, attack rate calculated for individual incidents followed by the averaging of the rates; and Method III, M-patients/M-eaters using the cumulative frequency distribution plots (Fig.  3) .
The attack rates calculated by Methods I, II, and III 
399
Food Poisoning Attack Rate were 34z, 53z, and 49z for norovirus; 39z, 50z, and 41z for C. perfringens; 42z, 61z, and 55z for Campylobacter spp.; 31z, 53z, and 44z for S. aureus; and 45z, 60z, and 54z for Salmonella spp., respectively. Corresponding figures for services were 33z, 57z, and 45z for restaurants; 32z, 46z, and 41z for hotels; and 40z, 50z, and 49z for caterers, respectively. The attack rates obtained by the three methods were all discordant. In the table, the figures for EHEC (VT＋) are bracketed; and those for households are not shown, because their frequency distribution deviated greatly from the lognormal distribution. Method I was valid if the scale of the outbreaks was within a small range. However, there were actually 100 ～1000-fold variations in the numbers of patients and eaters in each incident (Fig. 3) . Therefore, the calculated attack rates in large-scale incidents are overestimates. Method II was valid only if the attack rates of individual incidents were normally distributed. The frequency distributions of attack rates, graded at 10z intervals are shown in Fig. 6 . None of the frequency distributions were normally distributed. The problem associated with the Method III was already indicated. Hence, none of the three methods appropriately estimated the``attack rate''.
Attack vs. patient/eater number plot. A new parameter: As the attack rate can be influenced by the number of patients or eaters, the attack rate was plotted against the number of patients or eaters. As shown in Fig. 7A (for the total food poisonings), a pattern resembling onion skin or human fingerprints emerged (``fingerprint-like pattern'' hereafter): the pattern was characterized by repeating arcs that were typically observed on the left part of the plot (indicated by arrows). In the plots of attack rate vs. the number of eaters (right panel), the distribution of dots extended towards the lower right side, which might indicate the detection of more eaters in larger food poisoning incidents owing to more intensive investigation. A similar pattern emerged for those caused by norovirus, Campylobacter spp., Salmonella spp., and EHEC ( Fig. 7B-E) . However, for food poisoning caused by V. parahaemolytics, C. perfringens, and S. aureus, the pattern was rather amorphous ( Fig. 7F-H) (the pattern of S. aureus was slightly fingerprint-like). The same analysis for restaurants, hotels, caterers, and households is shown in Fig. 8 . The plots for restaurants and households showed a fingerprint-like pattern, while those for hotels and caterers showed an amorphous pattern.
Reason for the fingerprint-like pattern in the attack rate vs. patient/eater number plot: The fingerprint-like pattern appeared in combination of norovirus or Campylobacter spp. with restaurants (Fig. 9A) but not with hotels or caterers (Fig. 9B) or services other than restaurants (Fig. 9A) . The pattern produced by the data of Salmonella spp., S. aureus, or EHEC (VT＋) in Fig. 6 . Distribution of attack rates for different types of food poisonings. Incidents were classified by attack rates into ＜10z, 10～20z, 20～30z, etc., and the percentage of the each class was calculated. Horizontal axis, incident class according to the attack rate; 1＜10z; 2, 10～20z; 3, 20～30z; 4, 30～40z; 5, 40～50z; 6, 50～60z; 7, 60～70z; 8, 70～80z; 9, 80～90z; and 10, 90～100z. Vertical axis, percentage of incidents classified by the attack rate. 
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Food Poisoning Attack Rate restaurants was indeterminate (Fig. 9C ). The pattern produced by the combination of C. perfringens (Fig.  9C) and restaurants was amorphous. Thus, the emergence of the fingerprint-like pattern was not due to pathogens or services alone, but due to their combination.
In general, the annual number of incidents was high for food poisonings producing a fingerprint-like pattern and low for those failing to do so. For example, from 2008 to 2013, there were 2,168 and 1,222 incidents of norovirus and Campylobacter spp. that produced the typical fingerprint-like pattern, respectively, meanwhile, there were 242, 96, 182, 130, and 86 incidents for Salmonella spp., EHEC (VT＋), S. aureus, C. perfringens, and V. parahaemolyticus, respectively, which failed to show the fingerprint-like pattern.
Whole All of these changes were associated with changes in the attack rate vs. patient /eater number plot as shown below.
Changes in the attack rate vs. patient/eater number plot: As can be seen in Restaurants maintained the fingerprint-like pattern, while hotels and caterers maintained amorphous patterns throughout the study period (Fig. 8) . The number of incidents was constantly higher in restaurants than hotels or caterers ( Table 2) .
Frequency distributions of patients and eaters: We determined whether the frequency distribution changed concomitantly with the attack rate vs. patient/eater number plots by using the data of V. parahaemolyticus, (Fig. 11B) ; the values were slightly lower from 1998 to 2001, probably because 43.5z of 12 . A, attack rates vs. patient/eater number plots for various combinations of pathogens and services: vertical axis, attack rate in the normal scale; horizontal axis, number of patients or eaters per incident in the logarithmic scale. B, attack rate vs. ranking correlation plots: vertical axis, ranking number as eaters; horizontal axis, ranking number as patients. Data from 1998 to 2013 were combined to increase total number of incidents. 
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the data from the period were discarded owing to insufficient information during 1998-2001 (Table 1 ). The range, log (UQB/LQB), remained relatively constant over time (0.90, 0.87, and 0.58 for eaters, and 0.78. 0.70, and 0.56 for patients in the three respective periods) (Fig. 11B) . SRV/norovirus, Salmonella, spp., and C. perfringens exhibited similar trends (Fig. 11B) . Thus, the frequency distribution pattern was stable over time, while the fingerprint-like pattern was strongly influenced by the number of incidents. Relationship between patterns produced by the attack rate vs. patient/eater number plot and the ranking correlation plot: The emergence of the fingerprint-like pattern in the attack rate vs. patient/eater number plot was always associated with the emergence of the comb teethlike pattern in the ranking correlation plots: (i), as shown in Fig. 12 , restaurants, which exhibited the fingerprint-like pattern, exhibited the tooth pattern. Hotels and caterers, which failed to produce the fingerprint-like pattern failed to produce the comb teeth-like pattern. EHEC (VT＋), which exhibited the fingerprintlike pattern, exhibited the comb teeth-like pattern. Both of C. perfringens and Bacillus cereus failed to exhibit the fingerprint-like pattern and did not exhibit the comb teeth-like pattern; (ii), V. parahaemolyticus exhibited the fingerprint-like pattern from 1998 to 2001 (Fig. 10) , exhibited the comb teeth-like pattern during this period (Fig. 5B) , however, from 2008 to 2013 when it failed producing the fingerprint-like pattern (Fig. 7F) it also failed to show the comb teeth-like pattern (Fig. 5A-1) ; (iii), norovirus and Campylobacter spp. which produced the fingerprint-like pattern from 2008 to 2013, which produced ( Fig. 7B and C) exhibited the comb teeth-like pattern (Fig. 5A-1) . The data of norovirus in hotels or caterers failed to produce the fingerprint-like pattern (Fig. 9B) and subsequently failed to produce the comb teeth-like pattern (Fig. 5A-3) . Thus, the results suggest the ranking correlation plot and the attack rate vs. patient/eater number plot exhibit the same phenomenon from different perspectives.
Relationship between the emergence of the fingerprint-like pattern and an increased annual number of incidents: As described above, the emergence of the fingerprint-like and the comb teeth-like patterns may be dependent on an increased number of incidents. In order to determine if some food poisonings failed to exhibit the fingerprint-like or the comb teeth-like pattern even with a large number of incidents, the data from 1998 to 2013 were combined to increase the total number of incidents. The combined data contained 261 incidents of C. perfringens and 89 incidents of B. cereus as well as 1,064 incidents occurring in hotels and 794 in caterers.
As shown in Fig. 12 , even with the increased numbers of incidents, hotels, caterers, and C. perfringens failed to produce the typical fingerprint-like or comb teeth-like pattern. As the typical fingerprint-like pattern was obtained by 242 incidents due to Salmonella spp. (Fig. 7D ) and 1,036 incidents due to Campylobacter spp. (Fig.  7C) showed the typical fingerprint-like pattern, if the emergence of the fingerprint-like pattern was determined solely by the number of incidents, C. perfringens (261 incidents), hotels (1,064 incidents) and caterers (794 incidents) should have produced the typical fingerprint-like or comb teeth-like pattern; however, none of them did. Therefore, there may be food poisonings that do not exhibit the typical patterns even if the number of incidents is large.
We further examined this issue by determining whether the fingerprint-like or comb teeth-like pattern was maintained even when food poisonings were divided into smaller timeframes. Such an analysis using norovirus food poisonings in restaurants from January 2008 to December 2013 is shown in Fig. 13 . The norovirus food poisoning epidemic involves a high season from October/November to February/March and a low season from March/April to September/October (Fig.  13 B1) . The epidemic was divided into 6 high seasons (closed circles, 20 incidents/month) and 6 low seasons (open circles, ＜20 incidents/month) (Fig. 13 B1) . The high seasons produced both the fingerprint-like and comb teeth-like patterns, while the low seasons produced amorphous patterns. Interestingly, when the low seasons were combined, patterns resembling the fingerprint-like and comb teeth-like patterns emerged (rightmost graphs after``＝'' in the second and forth rows in panel A). Even in the low seasons, the capacity of producing the fingerprint-like or comb teeth-like pattern may have been retained.
The epidemiological curves for norovirus in hotels and caterers, and all C. perfringens incidents are shown in Fig. 13 B2; they were low in frequency and occurred sporadically. The small peaks appearing of norovirus food poisoning in hotels during the high seasons may represent unclear cases, such as, restaurants in hotels.
DISCUSSION
We previously reported that the frequency distribution of the number of patients per incident was lognormal for various food poisonings and that the median and range were unique to each food poisoning category (2) . The distribution of eaters also exhibited a similar trend. A lognormal distribution is expected``if it can be thought of as the multiplicative product of many independent random variables, all of which are positive <http://en.wikipedia.org/wiki/Log-normal_distri-bution>'', or``if the variable is the product of a large number of independent, identically distributed variables in the same way that a normal distribution results if the variable is the sum of a large number of independent identically-distributed variables <http://mathworld. wolfram.com/LogNormalDistribution.html>''. Food poisoning is actually due to a multiple independent positively interact random events. The numbers of patients and eaters per incident were not correlated for most food poisonings. Therefore, the attack rate should be used cautiously. In order to determine the correlation between the numbers of patients and eaters for different categories of food poisoning, new methods were devised, including the ranking correlation plot and the attack rate vs. number of patients/eaters plot. Food poisonings with a large number of incidents exhibited distinct patterns, i.e., the comb teeth-like pattern in the ranking correlation plot and the fingerprint-like pattern in the attack rate vs. number of patients/eaters plot''.
These patterns were observed in food poisonings due to norovirus and Campylobacter spp. as well as those occurring in restaurants by using the 2008-2013 data. However, further analysis, revealed that the emergence of these patterns was closely associated with an increase in the total number of incidents. For example, V. parahaemolyticus which exhibited an amorphous pattern from 2008 to 2013 when the incidence was low, produced the typical fingerprint-like and comb teeth-like patterns from 1998 to 2007 when the incidence was high. Furthermore, these patterns emerged when combining pathogens and services even if neither exhibited them separately. For example, the data of norovirus produced the typical fingerprint-like and comb teeth-like patterns when using the data in restaurants but not when using the data in hotels or caterers. This result was expected, because food poisoning is due to the combination of a pathogen and a means of food delivery.
It was interesting to determine if there were food poisonings that never exhibited fingerprint-like or comb teeth-like patterns despite a larger number of incidents. To explore this possibility, the data from 1998 to 2013 were combined to increase the total number of incidents. The results show the food poisonings that failed to produce the typical fingerprint-like or comb teethlike pattern were those occurring in hotels or caterers or those caused by C. perfringens. All of these food poisonings failed to exhibit the typical fingerprint-like or comb teeth-like pattern despite the larger number of incidents. Thus there may be food poisonings that never exhibit these patterns.
It is important to note here that the increase in the number of incidents was associated with changes in other parameters, such as seasonality. The high seasons for norovirus, Campylobacter spp., and Salmonella spp. are from October/November to February/March, May to September/October, and July to September, respectively. Meanwhile, C. perfringens and B. cereus, exhibit almost no seasonality (1) . Seasonality implies the repetition of similar events, although highly speculative, this may be linked to the emergence of the typical fingerprint-like pattern. This pattern became particularly conspicuous when incidents over the study period were combined; this is evident in the patterns of norovirus/restaurant from 2008 to 2010 and 2011-2013 in Fig. 9A and individual years in Fig. 13A .
As indicated in the introduction, food poisoning is due to complex interacting events. According to Johnson (4) , complexity is defined as a phenomenon that emerges from several interacting objects; its key requirements are as follows: (i), the collection of many interacting objects; (ii), the objects' behaviors are affected by memory or feedback; (iii), the objects can adapt their strategies according to their history; (iv), the system is typically open and influenced externally; (v), the system appears to be alive and its evolution is driven by ecology of agents, which interact and adapt; (vi), the system exhibits emergent phenomena that are generally unexpected; (vii), the emergent phenomena typically arise in the absence of centralized control; and (viii), the system exhibits a complicated mixture of ordered and disordered behavior. Food poisonings exhibits all of these key components. Thus, the emergence of the regular patterns observed for food poisonings that occurred periodically at high frequencies could be related to the complexity nature of food poisoning.
